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ABSTRACT 
In control engineering education, concepts taught through lectures are often 
complemented by practical laboratory experimentation. However, many control-
engineering classes do not include a lab component because of significant expense, 
space and time considerations. As a result, an interactive experiment with real world 
systems and equipments needs to improve the motivation of control engineering 
students and develop an engineering approach to solve practical problems. The 
Interlab project was initiated in November 2005 at International Islamic University of 
Malaysia. The aim of the thesis is to develop technologies that enable laboratory 
equipment to be controlled remotely by students through the Internet. This thesis 
involved design and development of lab scale missile launcher model, modeling and 
parameters identification of the plant, design and implementation of PID controller 
and development of website for remote control laboratory for control experimentation. 
The laboratory uses a NetMeeting; a streaming server to broadcast live video of the 
plant. When students do their experiment online, they would get instant feedback of 
their control action by observing movements of the equipment from the video. This 
would give students a better feel of the laboratory. Students can perform laboratory 
experiment on the plant using xPC Target Web Browser Interface from any computer 
connected to the Internet. The initial result shows that the proposed system worked as 
expected. The use of laboratory equipment would be optimized and students learning 
experience would also be enhanced. 
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CHAPTER ONE 
INTRODUCTION 
1.1 BACKGROUND 
As the fast development in modem engineering technology, engineering education 
becomes an important issue in recent years. In engineering education, control 
engineering is one of the disciplines that focus on the mathematical modeling systems 
of a diverse nature, analyzing their dynamic behavior, and using control theory to 
create a controller that will cause the systems to behave in a desired manner. 
In control engineering education, laboratory work is an important component 
for a holistic learning experience (Bing et al., 2005). Normally, a control course 
requires considerable mathematical as well as engineering knowledge and is 
consequently regarded as a difficult course by many undergraduate students. From the 
academic point of view, helping the students to improve their learning on the control 
engineering is an important task which requires careful planning and innovative 
teaching methods. Traditionally, the didactic teaching approach has been used to teach 
the students on the concepts needed to solve control problems. This approach is 
commonly adopted in many mathematics intensive courses; however it generally lacks 
reflection from the students to improve their learning. 
One significant tendency in the field of control practice is the increasing use of 
virtual instrumentation. In fact in major production facilities, instead of using real 
plant, operators are often trained in plant operation using a simulation environment of 
to drive virtual instruments. However, experimentation with a real plant or real object 
cannot be replaced by a simulation or training simulators, especially the sensations 
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perceived by the trainee/students in the experiment. Practical education needs to be 
based on errors and irregularities, as occurs in mechanical, electrical or chemical 
systems, as opposed to the ideal icons and environments represented on a computer 
display. 
In control engineering education, laboratory courses are an essential part of the 
education. Laboratory works are important for students while they are applying their 
control engineering theory to the experiment. This is an opportunity for the student to 
construct their own knowledge and put their theory and practice to get a research 
experience in the laboratory. However, many educational institutions do not include 
lab components for control engineering courses because of significant expense, space 
and time considerations. In addition, since the control engineering is a general subject 
for almost of the engineering program, the number of students who enrolled is high. 
As a result, engineering students have to share the equipment in the laboratory. This 
reduces the time students spend with the equipment and diminishes the purpose of the 
laboratory (Harjono, 2001) because sometimes there is not enough time for their turn 
in the laboratory class. 
The scenario for control education is changing and new situation has to be 
addressed. Information technology opens a whole new world of real opportunities. 
Computers show a great potential to enhance student achievement. A vital aspect of 
control engineering education is that laboratory and practical work need to provide 
engineering students with a taste of real situations, measurement and instrumentation, 
with all their attendant problems. The new idea is allowing the students to perform 
real experiments, in real time, on real equipment, but over the Internet. 
Fortuitously, the Internet world is truly available. The usage of Internet could 
not be denied. The Internet technology has significant effects on almost every single 
? 
aspects of daily life and has changed the people performs their daily works. People 
can move faster, easier, never feel alone and the world is just on their finger tips. The 
World Wide Web (WWW) technologies and computer-controlled instrumentation 
presently allow many people to work from home instead of from office. It also has 
provided the facilities for people to monitor and control machinery from anywhere in 
the world (Davies, 2002). 
Furthermore, with this power of communication, universities around the world 
are adapting their teaching methods to include computer and Internet technology, such 
as tele-teaching (Filler et al., 2000). Tele-teaching is a method of teaching through the 
Internet either by presenting on the Internet some lecture materials, online tutorials or 
real-time laboratory. The real-time laboratory, which is benefit to students, as it can 
allow them to perform laboratory experiments on equipment from any computer, 
connected to the Internet (Davies, 2002). By adopting Internet-based experimentation, 
the above-mentioned practical experiment problems can be solved. The unique and 
expensive equipment can be shared between different universities. In addition, the 
students have the convenience for conducting experiments at their own preferable 
time (not only during working hours) and place since they are not required physically 
being at the university during working hours. Study conducted by Barker (Barker et 
al., 1998) shows that students learn better when they have control over when and 
where the learning takes place. The less obvious benefit of Internet-based real-time 
experiments would be reduction of lecturers' and students' time and cost. This will 
give them to concentrate on more important task such as improving teaching and 
learning. For the above advantages, the development of Internet-based real-time 
control laboratory is naturally justified. 
n 
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1.2 OBJECTIVES 
The main objective of this thesis is to develop an Internet-based remote laboratory for 
control engineering education, which allows the students to conduct the experiments 
through Internet connection on their own preferable time and place. To achieve the 
main objective, it is necessary 
a) To develop and fabricate a plant to be controlled in the control 
experimentation 
b) To develop website and video servers for Internet access of the real time 
control system laboratory 
c) To develop and configure software to allow PID control experiments 
through Internet 
1.3 METHODOLGY 
In order to achieve the objectives of this study, the following procedures are 
considered: 
a) The research starts with the understanding of control system course 
syllabus for undergraduate engineering student 
b) Selection, design and fabrication of plant to be used as case study in 
control laboratory experimentation. 
c) Development of real-time control software. 
d) Development of website and video server for Internet access of the control 
systems experimentation. 
e) Hardware and software integration. 
f) Implementation and evaluation of Internet-based remote control laboratory 
experimentation. 
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1.4 THESIS OUTLINE 
The thesis outline is as follows: 
i. Chapter 2: This chapter discusses literature review of technical papers and 
scientific papers on control system engineering laboratory. 
ii. Chapter 3: Development of the hardware and software of the system is 
described in this chapter. Software development and architecture of the 
system is described by introducing the software that is used. The 
development of real-time control system is also to be explained in this 
chapter. The mathematical modeling, which consists of the model 
derivation and parameters identification, is explained. A series of 
experiments is carried out to identify the unknown parameters of the lab 
scale missile launcher system. Then, the design of PID controller is also 
discussed in this chapter. 
iii. Chapter 4: The implementation of Internet-based Remote Laboratory for 
real-time control system is described in this chapter. The parameters 
identification and PID controller implementation results is also discussed 
in this chapter. 
iv. Chapter 5: This chapter summarizes all the results obtained in the previous 
chapters. New development and improvement are suggested for the further 
study. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 INTRODUCTION 
Control engineering education combines both theory and practical experiments. 
Students thereby achieve knowledge and skills of control system design in order to 
develop controllers for achieving given performance requirements. Students are 
confronted with dynamic phenomena that are often difficult to explain in words or in 
textbooks. In addition, control engineering education faces severe problems because 
the ideas and phenomena involved in such areas are complex and hard to demonstrate 
on neither the conventional chalkboard nor the electronic virtual blackboard. 
Therefore the importance of laboratory experiments in control engineering education 
could never be overemphasized. 
There is no doubt that lab-based courses play an important role in control 
engineering education. According to Nersessian (1991), Clough (2002) and Magin el 
al. (1986), hands-on experience is at the heart of science learning and laboratory 
experiences make science come alive. In addition, lab courses have a strong impact on 
students' learning outcomes. From the laboratory, students can apply their engineering 
knowledge learnt from the lectures to real engineering situations. The uses of 
laboratory experiments are a critical important aspect of engineering education. 
Experience in teaching has shown that a complementary approach in combining 
theoretical and practical exercise is vital for effective learning. 
However, laboratory equipment is usually expensive. As a result, engineering 
students have to share the equipment in the laboratory. This reduces the time students 
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